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(54) Methods and apparatus for fuel nozzle staging for gas turbine engines 


(57) A fuel delivery system (1 0) for fuel nozzle stag- 
ing includes a gas circuit (12) and a fuel circuit (14). 
Each circuit includes a first manifold (20, 52)) and a sec- 
ond manifold (34, 66). The fuel delivery system delivers 
a first gas and a first fuel to a gas turbine engine during 
initial operation through the first manifold connected 


within each respective gas circuit. As the gas turbine en- 
gine reaches a predetermined operational speed, stag- 
ing valves (32, 62) permit the fuel delivery system to also 
deliver the first gas and the first fuel to the gas turbine 
engine through the second manifold of each respective 
gas circuit. 
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Description 

[0001] This invention relates generally to gas turbine 
engines and, more particularly, to fuel delivery systems 
for fuel nozzle staging for gas turbine engines. 
[0002] Controlling a pressure ratio of fuels delivered 
to a dual fuel gas turbine engine is critical for the en- 
gine's performance. Typically, dual fuel gas turbine en- 
gines exhibit operability limitations during normal engine 
starts and during engine low power operating condi- 
tions. For example, undesirable engine flameouts are 
prevalent in gas turbine engines supplied with gas and 
steam premix, or dual fuel (gas and liquid), and in steam 
premix turbines as a result of the low fuel flow rates sup- 
plied during start conditions. Additionally, flameouts 
may occur at steady state fuel flow conditions in gas tur- 
bine engines when low pressure differentials develop at 
the fuel nozzletips, i.e., single annular combustor (SAC) 
fuel configuration. 

[0003] To compound the flammability problem, typi- 
cally the performance of gas turbine engine fuel delivery 
systems are optimized to be within acceptable perform- 
ance ranges when the gas turbine engines are operating 
at maximum fuel flow conditions. While optimizing a fuel 
delivery system to perform at maximum fuel flow condi- 
tions enhances the performance of the gas turbine en- 
gine during high fuel flow conditions, it also increases 
the possibility of flameouts during low fuel flow condi- 
tions. Fuel nozzle pressures can be raised to alleviate 
flammability operability regions of the engine. However, 
raising the fuel nozzle pressures to improve the flam- 
mability levels at low fuel flow conditions may cause ex- 
cessive and damaging pressures at maximum fuel flow 
conditions, where the engine operates more frequently. 
Additionally, optimizing the fuel delivery systems at low 
fuel flow conditions may increase carbon monoxide 
emission levels generated by the gas turbine engine, 
thus creating potential environmental issues. 
[0004] According to a first aspect of the invention, 
there is provided a method for delivering fuel in a gas 
turbine engine using a fuel delivery system including at 
least a first manifold, a second manifold, and a fuel noz- 
zle sub-system, the first manifold configured to deliver 
to the gas turbine engine a first gas during initial oper- 
ation of the gas turbine engine, the second manifold 
configured to deliver to the gas tu rbine engine a first fuel 
during initial operation of the gas turbine engine, the fuel 
nozzle sub-system is connected to the manifolds and 
includes a plurality of primary fuel nozzles and a plurality 
of secondary fuel nozzles, the primary fuel nozzles con- 
figured to receive the first gas and the first fuel during 
initial operation of the gas turbine engine, the method 
comprising the steps of: supplying the first gas and the 
first fuel to the fuel delivery system; and directing the 
first gas and the first fuel through the first manifold, the 
second manifold, and the fuel nozzle sub-system. 
[0005] The fuel delivery system may further include a 
third manifold and a fourth manifold, the third manifold 


being configured to deliver to the gas turbine engine the 
first gas once the gas turbine engine has operated at a 
predetermined power level, the fourth manifold being 
configured to deliver to the gas turbine engine the first 

5 fuel once the gas turbine engine has operated at a pre- 
determined power level with a predetermined load, the 
.method further comprising the steps of: accelerating the 
gas turbine engine from an idle speed; and directing the 
first gas and the first fuel through the third manifold and 

10 the fourth manifold after the gas turbine engine has op- 
erated at a predetermined power level with a predeter- 
mined load. 

[0006] The fuel delivery system may further include a 
plurality of staging valves configured to control a flow of 
15 the first gas and the first fuel to at least one of the third 
manifold or the fourth manifold, the step of directing the 
first gas and the first fuel through at least one of the third 
manifold and the fourth manifold further comprising the 
step of controlling the flow of the first gas and the first 
20 fuel with a plurality of staging valves. 

[0007] The secondary nozzles may be configured to 
receive the first gas and the first fuel after the gas turbine 
engine has operated at the predetermined power level, 
the step of accelerating the gas turbine engine compris- 
es ing the step of directing the first gas and the first fuel to 
the secondary nozzles. 

[0008] The plurality of primary nozzles may include 20 
primary nozzles. The step of directing the first gas and 
the first fuel through the first manifold, the second man- 
30 jfold, and the fuel nozzle sub-system may comprise the 
step of supplying the 20 primary nozzles with the first 
gas and the first fuel. 

[0009] The plurality of secondary nozzles may include 
1 0 secondary nozzles. The step of accelerating the gas 
35 turbine engine from an idle speed may further comprise 
the step of simultaneously supplying the 20 primary noz- 
zles and the 1 0 secondary nozzles with the first gas and 
the first fuel. 

[001 0] According to a second aspect of the invention, 
40 there is provided a fuel delivery system for a gas turbine 
engine, the fuel delivery system comprising: at least two 
manifolds comprising a first manifold and a second man- 
ifold, the first manifold configured to deliver to the gas 
turbine engine a first gas during initial operation of the 
45 gas turbine engine, the second manifold configured to 
deliver to the gas turbine engine a first fuel during initial 
operation of the gas turbine engine; and a fuel nozzle 
sub-system connected to the manifolds, the fuel nozzle 
sub-system comprising a plurality of primary fuel noz- 
50 zles and a plurality of secondary fuel nozzles, the pri- 
mary fuel nozzles configured to receive the first gas and 
the first fuel during initial operation of the gas turbine 
engine. 

[0011] The fuel delivery system may further comprise 
55 a third manifold configured to deliver the first gas to the 
gas turbine engine once the gas turbine engine has op- 
erated at a predetermined power level with a predeter- 
mined load. 
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[001 2] The fuel delivery system may further comprise 
a fourth manifold configured to deliver the first fuel to 
the gas turbine engine once the gas turbine engine has 
operated at the predetermined power level. 
[001 3] The fuel delivery system may further comprise 
a plurality of staging valves configured to control a flow 
of the first gas and a flow of the first fuel. 
[001 4] The secondary fuel nozzles may be configured 
to receive the first gas and the first fuel after the gas 
turbine engine has operated at the predetermined pow- 
er level. 

[001 5] The plurality of primary fuel nozzles may com- 
prise 20 primary fuel nozzles and the plurality of sec- 
ondary fuel nozzles may comprise 10 secondary fuel 
nozzles. 

[0016] The plurality of staging valves may comprise a 
first staging valve and a second staging valve. 
[0017] The first staging valve may be configured to 
control a flow of the first fuel to the fourth manifold. 
[0018] The second staging valve may be configured 
to control a flow of the first gas to the third manifold. 
[0019] According to a third aspect of the invention, 
there is provided a fuel delivery system for a gas turbine 
engine, the fuel delivery system comprising: a gas circuit 
configured to deliver a first gas to the gas turbine engine, 
the gas circuit comprising a first manifold and a second 
manifold, the first manifold configured to deliver the first 
gas during initial operation of the gas turbine engine; 
and a fuel circuit configured to deliver to a first fuel to 
the gas turbine engine, the first fuel circuit comprising a 
first manifold and a second manifold, the first manifold 
configured to deliver the first fuel during initial operation 
of the gas turbine engine. 

[0020] The gas circuit may further comprise a plurality 
of nozzles connected to the gas circuit first manifold and 
the gas circuit second manifold, and a staging valve con- 
nected to the gas circuit second manifold, the gas circuit 
second manifold configured to deliver the first gas to the 
gas turbine engine once the gas turbine engine has op- 
erated at a predetermined power level with a predeter- 
mined load, the staging valve configured to control a 
flow of the first gas to the gas circuit second manifold. 
[0021] The fuel circuit may further comprise a plurality 
of nozzles connected to the fuel circuit first manifold and 
the fuel circuit second manifold, and a staging valve con- 
nected to the fuel circuit second manifold, the second 
manifold being configured to deliver the first fuel to the 
gas turbine engine once the engine has operated the 
predetermined power level, the staging valve being con- 
figured to control a flow of first fuel to the fuel circuit sec- 
ond manifold. 

[0022] The gas circuit plurality of nozzles may com- 
prise a plurality of primary nozzles and a plurality of sec- 
ondary nozzles, the fuel circuit plurality of nozzles may 
comprise a plurality of primary nozzles and a plurality of 
secondary nozzles. 

[0023] The gas circuit plurality of primary nozzles and 
the fuel circuit plurality of primary nozzles may comprise 


20 primary nozzles and the gas circuit plurality of sec- 
ondary nozzles and the fuel circuit of secondary nozzles 
may comprise 10 secondary nozzles. 
[0024] In an exemplary embodiment, a fuel delivery 
5 system for fuel nozzle staging is provided for use with a 
gas turbine engine. The fuel delivery system includes 
two circuits. A gas circuit delivers a first gas to the gas 
turbine engine, and includes a first manifold and a sec- 
ond manifold. A steam circuit delivers steam to the gas 
10 turbine engine and includes a first manifold and a sec- 
ond manifold. Both the gas circuit and the steam circuit 
are connected to a plurality of fuel nozzles which include 
primary fuel nozzles and secondary fuel nozzles. Addi- 
tionally, both circuits include a staging valve to control 
15 the flow of each respective gas and steam into each re- 
spective circuit's second manifold. 
[0025] During operation, the gas circuit first manifold 
and the steam circuit first manifold deliver a first gas and 
steam respectively to the gas turbine engine during ini- 
20 tial operation and idle operation of the gas turbine en- 
gine. During initial operations and idle operations, the 
primary fuel nozzles deliver the first gas and steam to 
the gas turbine engine. Once the gas turbine engine 
reaches a predetermined operational speed, the staging 
25 valves open and direct the first gas and steam into the 
secondary fuel nozzles. As a result of such fuel nozzle 
staging, the fuel and control system eliminates more 
detrimental fuel delivery systems and provides a user 
with a fuel delivery system which improves flammability 
30 limits, accurately controls the delivery of gas, and pro- 
vides flexibility to the user. 

[0026] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

35 

Figure 1 is a schematic illustration of a fuel delivery 
system for operating a fuel nozzle staging for a gas 
turbine engine; and 

40 Figure 2 is a side elevational view of one embodi- 
ment of a dual fuel nozzle that could be used in con- 
junction with the fuel delivery system shown in Fig- 
ure 1. 

45 [0027] Figure 1 is a schematic illustration of a fuel de- 
livery system 1 0 for fuel nozzle staging for a gas turbine 
engine (not shown). Fuel delivery system 1 0 includes a 
steam circuit 12 and a gas circuit 14 which respectively 
deliver a first gas, i.e. steam, and a first fuel, i.e. gas, to 
50 the gas turbine engine. Steam circuit 1 2 and gas circuit 
14 are both metered and sized to achieve a pressure 
ratio within fuel delivery system 10 appropriate for the 
gas being delivered to the gas turbine engine. Steam 
circuit 12 delivers a metered steam flow to the gas tur- 
55 bine engine and gas circuit 14 delivers a metered first 
gas flow to the gas turbine engine. 
[0028] Steam circuit 1 2 includes a connecting line 1 6 
which extends from a metering valve (not shown) to a 


50 


15 


20 


25 


30 


3 


EP 1 098 140 A1 


5 

first manifold 20. The metering valve is positioned be- 
tween a steam supply source (not shown) and connect- 
ing line 16. The operation of a metering valve for con- 
trolling a flow of steam is well known. In one embodi- 
ment, the first gas supply source is a steam supply 
source. First manifold 20 is connected to a connecting 
line 22 which extends from manifold 20 to a fuel nozzle 
sub-system 23 and includes a plurality of fuel nozzles 
24. In one embodiment, manifold 20 is a primary steam 
manifold. Fuel nozzles 24 are connected to the gas tur- 
bine engine and deliver steam to the gas turbine engine 
during initial operation of the engine and while the gas 
turbine engine is operating at an idle speed. In one em- 
bodiment, fuel nozzles 24 are primary fuel nozzles and 
are available from Parker Hannifin, 6035 Parkland Blvd. , 
Cleveland, Ohio. 

[0029] A connecting line 30 is connected to connect- 
ing line 16 between manifold 20 and the steam circuit 
metering valve. The steam circuit metering valve is con- 
nected between the steam supply source and connect- 
ing line 16, upstream of a connection 31 with line 30. 
Connecting line 30 extends from connecting line 16 to 
a staging valve 32. Staging valve 32 controls the flow of 
steam from connecting line 1 6 to a secondary manifold 
34. Staging valve 32 is sized to accommodate a maxi- 
mum steam flow for secondary manifold 34 for a sec- 
ondary steam flow being supplied by fuel delivery sys- 
tem 10. In one embodiment, secondary manifold 34 is 
a secondary steam manifold. Secondary manifold 34 is 
connected to a connecting line 36 which extends from 
secondary manifold 34 to a plurality of fuel nozzles 38 
of fuel sub-system 23. Fuel nozzles 38 are connected 
to the gas turbine engine and deliver the secondary 
steam and secondary gas flows to the gas turbine en- 
gine once the gas turbine engine has been operating for 
a predetermined length of time and is being accelerated 
from the initial idle speed. In one embodiment, fuel noz- 
zles 38 are secondary fuel nozzles and are available 
from Parker Hannifin, 6035 Parkland Blvd., Cleveland, 
Ohio. 

[0030] Gas circuit 14 includes a connecting line 50 
which extends from a metering valve (not shown) to a 
first manifold 52. The metering valve is positioned be- 
tween a gas supply source (not shown) and connecting 
line 50. In one embodiment, the gas supply source is a 
natural gas supply source. First manifold 52 is connect- 
ed to a connecting line 54 which extends from manifold 
52 to a plurality of fuel nozzles 56 of fuel sub-system 23. 
In one embodiment, manifold 52 is a primary gas man- 
ifold. Fuel nozzles 56 are connected to the gas turbine 
engine to deliver the first fuel to the engine during initial 
operation of the gas turbine engine and while the gas 
turbine engine is operating at an idle speed. In one em- 
bodiment, fuel nozzles 56 are primary fuel nozzles and 
are available from Parker Hannifin, 6035 Parkland Blvd. , 
Cleveland, Ohio. 

[0031] A connecting line 60 is connected to connect- 
ing line 50 between manifold 52 and the gas circuit me- 


tering valve. The gas circuit metering valve is connected 
between the gas supply source and connecting line 50, 
upstream of a connection 61 with line 60. Connecting 
line 60 extends from connecting line 50 to a staging 

5 valve 62. Staging valve 62 controls the flow of the gas 
from connecting line 50 to a secondary manifold 66. 
Staging valve 62 is sized to accommodate a maximum 
gas flow for secondary manifold 66 for the second fuel 
being supplied by fuel delivery system 10. In one em- 

10 bodiment, secondary manifold 66 is a secondary gas 
manifold. Secondary manifold 66 is connected to a con- 
necting line 68 which extends from manifold 66 to a plu- 
rality of fuel nozzles 70 of fuel sub-system 23. Fuel noz- 
zles 70 are connected to the gas turbine engine and de- 

15 liver the gas to the gas turbine engine once the gas tur- 
bine engine has been operating with a predetermined 
load at a predetermined power level and is being accel- 
erated from the initial synchronous idle speed. In one 
embodiment, fuel nozzles 70 are secondary fuel nozzles 

20 and are available from Parker Hannifin, 6035 Parkland 
Blvd., Cleveland, Ohio. 

[0032] In operation, fuel delivery system 1 0 is capable 
of delivering the steam and gas such that the gas turbine 
engine is capable of starting using a metered gas flow. 

25 To start the gas turbine engine, fuel delivery system 1 0 
stages the metered gas flows between primary nozzles 
24 and 56. In one embodiment, fuel delivery system 10 
includes 20 primary nozzles 24 and 56. During the gas 
turbine engine start and during low power modes and 

30 idle power modes, the first gas and steam are delivered 
to the gas turbine engine through primary manifolds 20 
and 52 to primary fuel nozzles 24 and 56 respectively. 
While the first gas and steam are being delivered to pri- 
mary manifolds 20 and 52, staging valves 32 and 62 are 

35 closed to prevent the gas and the steam from being de- 
livered to secondary manifolds 34 and 66. Delivering the 
first gas and steam through primary nozzles 24 and 56 
during low power conditions and idle operations of the 
gas turbine engine enhances a low pressure ratio of fuel 

40 delivery system 10 which improves flammability limits 
for the gas turbine engine. Additionally, it has been de- 
termined that fuel and control system 10 may reduce 
such emission levels up to four times greater than 
known non-premix fuel and control systems. 

45 [0033] In an alternative embodiment, staging valve 32 
and staging valve 62 provide a pilot flow when staging 
valves 32 and 62 are in a fully closed position (not 
shown). The pilot flow provides a minimum positive gas 
flow to manifolds 34 and 66 to prevent potentially dam- 

50 aging combustion gases from back-flowing from the gas 
turbine engine into manifolds 34 and 66. 
[0034] The gas turbine engine is then accelerated 
from synchronous idle operation. Once the engine 
reaches a predetermined operational speed, fuel deliv- 

55 ery system 10 directs gas flow to secondary manifolds 
34 and 66 by gradually opening steam circuit staging 
valve 32 and gas circuit staging valve 62. As staging 
valves 32 and 62 are opened, the first gas and steam 
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are directed into manifolds 34 and 66 respectively. Si- 
multaneously, the first gas and steam are still being di- 
rected into primary fuel nozzles 24 and 56 through man- 
ifolds 20 and 52 respectively. Shortly thereafter, second- 
ary steam and gas flows from secondary fuel nozzles 
38 and 70 respectively and into the gas turbine engine. 
In one embodiment, fuel delivery system 1 0 includes 1 0 
secondary fuel nozzles 38 and 70. Simultaneously, the 
steam and the first gas are still being directed into pri- 
mary fuel nozzles 24 and 56 through manifolds 20 and 
52 respectively. 

[0035] Figure 2 is a side elevational view of one em- 
bodiment of a dual fuel nozzle 80 that could be used in 
conjunction with fuel and control system 1 0. Fuel nozzle 
80 is similar to fuel nozzles 24, 38, 56, and 70 (shown 
in Figure 1). In one embodiment, fuel nozzles 24, 38, 
56, and 70 are each the same model fuel nozzle and 
have the same set of performance flow characteristics 
at all power operations. Therefore, the gas turbine en- 
gine exit temperature pattern factors and profiles are re- 
tained as the engine is accelerated and secondary fuei 
nozzles 38 and 70 deliver the gas and steam to the gas 
turbine engine. 

[0036] Nozzle 80 includes a first gas inlet 82, a steam 
inlet 83, a nozzle body 84, and a nozzle tip 86. Nozzle 
body 84 has a first end 88 and a second end 90. First 
fuel inlet 82 is positioned adjacent first end 88 and noz- 
zle tip 86 is positioned adjacent second end 90. First 
fuel inlet 82 extends from nozzle body 84 and includes 
a coupling 92 which permits a connection to fuel circuit 
connection line 68 (shown in Figure 1 ) orfuel circuit con- 
nection line 54. (shown in Figure 1). Additionally, first 
fuel inlet 82 includes an elbow block 94 which connects 
coupling 92 to nozzle body 84. As first fuel flows through 
connecting lines 54 and 68 into coupling 92, elbow 94 
directs the first fuel flow from coupling 92 towards nozzle 
body 84. 

[0037] Steam inlet 83 extends from a coupling 98 at- 
tached to nozzle body 84. Coupling 98 connects nozzle 
80 to steam circuit connecting line 22 (shown in Figure 
1) or steam circuit connecting line 36 (shown in Figure 
1 ). The steam enters steam inlet in a direction 1 02 which 
is substantially parallel to a direction 1 03 in which the 
first gas enters gas inlet 82. Once within nozzle body 
84, the gas is mixed with the steam and directed towards 
nozzle tip 86. 

[0038] The above described fuel delivery system for 
fuel nozzle staging for a gas turbine engine is cost-ef- 
fective and reliable. The system includes a gas circuit 
and a fuel circuit wherein each circuit includes a first 
manifold and a second manifold. The fuel delivery sys- 
tem delivers a steam and a first fuel to a turbine engine 
during initial operation through a plurality of primary fuel 
nozzles. Once the engine reaches a predetermined op- 
erational speed, the fuel delivery system also delivers 
the steam and the first fuel to the gas turbine engine 
through a plurality of secondary fuel nozzles. Accord- 
ingly, a fuel delivery system is provided for fuel nozzle 


staging for a gas turbine engine which eliminates more 
costly fuel delivery systems and provides a user with a 
reliable, flexible, and accurate fuel delivery system for 
a gas turbine engine. 

5 

Claims 

1 . A method for delivering fuel in a gas turbine engine 
10 using a fuel delivery system (10) including at least 

a first manifold (20), a second manifold (52), and a 
fuel nozzle sub-system (23), the first manifold being 
configured to deliver to the gas turbine engine a first 
gas during initial operation of the gas turbine en- 
's gine, the second manifold being configured to de- 
liverto the gas turbine engine a first fuel during initial 
operation of the gas turbine engine, the fuel nozzle 
sub-system is connected to the manifolds and in- 
cludes a plurality of primary fuel nozzles (24, 56) 
20 and a plurality of secondary fuel nozzles (38, 70), 
the primary fuel nozzles being configured to receive 
the first gas and the first fuel during initial operation 
of the gas turbine engine, said method comprising 
the steps of: 

25 

supplying the first gas and the first fuel to the 
fuel delivery system; and 

directing the first gas and the first fuel through 
30 the first manifold, the second manifold, and the 

fuel nozzle sub-system. 

2. A method in accordance with Claim 1 wherein the 
fuel delivery system (10) further includes a third 

35 manifold (34) and a fourth manifold (66), the third 
manifold being configured to deliver to the gas tur- 
bine engine the first gas once the gas turbine engine 
has operated at a predetermined power level, the 
fourth manifold being configured to deliver to the 

40 gas turbine engine the first fuel once the gas turbine 
engine has operated at a predetermined power lev- 
el with a predetermined load, said method further 
comprising the steps of: 

45 accelerating the gas turbine engine from an idle 

speed; and 

directing the first gas and the first fuel through 
the third manifold and the fourth manifold after 
so the gas turbine engine has operated at a pre- 

determined power level with a predetermined 
load. 

3. A method in accordance with Claim 1 or 2 wherein 
55 the fuel delivery system (10) further includes a plu- 
rality of staging valves (32, 62) configured to control 
a flow of the first gas and the first fuel to at least one 
of the third manifold orthe fourth manifold, said step 
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of directing the first gas and the first fuel through at 
least one of the third manifold and the fourth mani- 
fold further comprising the step of controlling the 
flow of the first gas and the first fuel with a plurality 
of staging valves. 5 

4. A method in accordance with Claim 1 , 2 or 3 where- 
in the secondary nozzles (38, 70) are configured to 
receive the first gas and the first fuel after the gas 
turbine engine has operated at the predetermined 10 
power level, said step of accelerating the gas tur- 
bine engine comprising the step of directing the first 
gas and the first fuel to the secondary nozzles. 

5. A fuel delivery system (1 0) for a gas turbine engine, is 
said fuel delivery system comprising: 

at least two manifolds (20, 52) comprising a first 
manifold and a second manifold, said first man- 
ifold being configured to deliver to the gas tur- 20 
bine engine a first gas during initial operation 
of the gas turbine engine, said second manifold 
being configured to deliver to the gas turbine 
engine a first fuel during initial operation of the 
gas turbine engine; and 25 

a fuel nozzle sub-system (23) connected to said 
manifolds, said fuel nozzle sub-system com- 
prising a plurality of primary fuel nozzles (24) 
and a plurality of secondary fuel nozzles (56), 30 
said primary fuel nozzles being configured to 
receive the first gas and the first fuel during in- 
itial operation of the gas turbine engine. 


a fuel circuit (1 2) configured to deliver to a first 
fuel to the gas turbine engine, said first fuel cir- 
cuit comprising a first manifold (20) and a sec- 
ond manifold (34), said first manifold configured 
to deliver the first fuel during initial operation of 
the gas turbine engine. 

A fuel delivery system (10) in accordance with 
Claim 8 wherein said gas circuit further comprises 
a plurality of nozzles (24, 38) connected to said gas 
circuit first manifold (20) and said gas circuit second 
manifold (34), and a staging valve (32) connected 
to said gas circuit second manifold, said gas circuit 
second manifold being configured to deliver the first 
gas to the gas turbine engine once the gas turbine 
engine has operated at a predetermined power lev- 
el with a predetermined load, said staging valve be- 
ing configured to control a flow of the first gas to 
said gas circuit second manifold. 

A fuel delivery system (10) in accordance with 
Claim 8 or 9 wherein said fuel circuit further com- 
prises a plurality of nozzles (56, 70) connected to 
said fuel circuit first manifold (52) and said fuel cir- 
cuit second manifold (66), and a staging valve (62) 
connected to said fuel circuit second manifold, said 
second manifold being configured to deliverthe first 
fuel to the gas turbine engine once the engine has 
operated at the predetermined power level, said 
staging valve being configured to control a flow of 
first fuel to said fuel circuit second manifold. 


6. A fuel delivery system (10) in accordance with 35 
Claim 5 further comprising a third manifold (34) con- 
figured to deliver the first gas to the gas turbine en- 
gine once the gas turbine engine has operated at a 
predetermined power level with a predetermined 
load. 40 


7. A fuel delivery system (10) in accordance with 
Claim 5 or 6 further comprising a fourth manifold 
(66) configured to deliver the first fuel to the gas tur- 
bine engine once the gas turbine engine has oper- 45 
ated at the predetermined power level. 


8. A fuel delivery system (1 0) for a gas turbine engine, 
said fuel delivery system comprising: 

a gas circuit (14) configured to deliver a first gas 
to the gas turbine engine, said gas circuit com- 
prising a first manifold (52) and a second man- 
ifold (66), 

said first manifold configured to deliverthe first 
gas during initial operation of the gas turbine 
engine; and 
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